
OT3bIB

ot$uqualrHoro ottrloHeHTa Ha Al4ccepraur4ro Anoconxuqa fpaura Bna4uuupoBr4rra
<Knauroso-otlTllqecKl4e e$(pexru u ycrpoficrBa c r.rcrroJrb3oBaHlreM TelJroBblx cocrorHuft
cBera)), npeAcraBnenuofi Ha col4cKaHIae yueuofi crerreHz KaHAr4.4ara rlu:uro-uareMarur{ecKLrx
HayK no creuuanbHocru 01 .04.21- Jra3epHiur Srasi.rxa.

flnccepraqaoHHa, pa1ora f. B. Anoconruqa trocBlrueHa prccJreAoBaHr4ro Sasuuecnux
s(fSexron, cBfl3aHHblx c pacnpocrpaHeHr{eM KBa3r{TerrJroBbrx cocroquufi srerrpoMarHr,rrHoro
rIoJIf, qepe3 nraHefino-orlTl{rlecKlle HHTerpirnbHbre cxeMbr u orruelneHueM Sorouon or
yKa3aHHbIx cocro.snufi. Zccle4onaH[Ifl tro orulenJreHr{ro z 4o6aureHr,rro $orouon B 3aAaHHbre

MoAbI Lt3ltyqeltlafl, a raKxe rIpI4roroBJIeHHro KBa3lITelJIoBbIx cocroqHllfi cBera, aKTI4BHo

pa3BplBalorc{ B IIocJIeAHHe ABa Aec{Tlarrernfl.. 3ro o6yclonleno KaK $ynaaneurirJrbHbrM
I'IHTepecoM K 3KcnepvMeHTaJI!'Hofi nponepxe KaHoHLIqecKrdx KoMMyraUr{oHHbIx coofirorueuuft
Anfl oneparopoB poxAerufl u yHurrroxeurEr SorouoB, TaK r4 Bo3MoxHocrbro npr4roroBneH4rr
HerayccoBcKllx KBaHToBbIx cocrosHrafi, Koropbre HaxoAsr [pr,rMeHeHr.re B KBaHToBo-

nu$opnaaql{oHHblx [punoxeHlrrx. Amryalr,nocrr Ar4ccepraur,roHHoro HccJreAoBaHu.s

3aKnloqaercq B H3yqeHI{I,{ Bo3MoxHbrx npr{MeHeHr,rfi xsa3rarenJroBbrx cocrossufi H3Jryr{eHr4.rr KaK

An, xapaKTepll3a\Lrr4 ruanefino-orrrr4qecKr.rx r4HTerpaJlbHbrx cxeM, flBnflrorutaxcs oAH]rM r,r3

rlpororllnoB An, peaJIH3auI4H KBaHToBbIx nuvficJleuufi, TaK kr Ans npr{roroBneHl4fl
HerayccoBcKplx KBaHToBr,Ix cocroqHlafi c noMorrlbro npoqeAypbr oTrrlelneHr4x $oronon.
Hexoropue HerayccoBcKl,Ie cocrorHt4s Husxofi 3Hep[4r4, Hanpr4Mep, o6la4aror 6olrurefi
croftxocrrro K rlorepe xnauronofi [eperryraHHocrr4 BcJreAcrBpre rxyMoB ocla6leuH s lt ycunelufl.
ro cpaBHeHI,Ilo c tayccoBcKI4MH cocroqHr4sMu npou:noltuofi HHTeHcr.rBHocrr.r. floerouy
ececropouuttft aHaJIpI3 (reoperuuecxufi v gKclepr.rMenrutuufi) cnoco6os orrLrcaHtq,
IlplrloroBneHl4;l, I43MepeHI{fl LI [pI4MeHeHI4{ HerayccoBcxl,Ix cocrosnufi, Bo3nr4Kalou[x npu
orlrlellneHzn Sorouon or KBasLITenJroBbrx cocroqH[fi cBera, f,BJl,{ercfl oqeHb nocrpe6onaHHbrM B

KBaHToBo-r.ru(f oprr,raquoHHoM coo6rqecrne.

flnccepraqerq f. B. Anoconxuqa cocroprr 143 BBeAeHr4x, uerup€x rJraB pr 3axJrroqeHr.rr.

Bo nnegenuu col4cKarenl Aaer o6sop coBpeMeHHoro cocrorHl,Is HccJleAonaHr.rfi, B qacrHocrlr,
OIIHCLIBaCT 3KCIIepI{MeHTaJIbHbIe IOCTHXeHI,II B 3aAaqe paccer-rlac. $Oronoe s ruHefiHo-
orlTl'IqecKofi uurerpaltuofi cxeue, pe[IeHr4e xoropofi rpe6yer oKcnoHeHUr4aJrbHo cJroxHoto
HaxoxAeHH, nepMaHeHTa Marplrqrr 6olsurofi pasnaepnocru. CoacKareJrb o6osHaqaer o6rexr ra

rlpeAMer r{ccJreAoBaHr.rs, $opuynupyer uenb vr 3a\,aqkr, orrr4cbrBaer HayrrHyro HoBr43Hy H
IIpaKTI4qecKyIo 3Hatll4Mocrr pa6orsl. Bo BBeAeH[rr,r raKx(e [peAcraBneubr 5 ocnosHrrx
nonoxenufi, BbrHocuMbrx Ha 3aulr4Ty, upunegEn crrucoK rrayrrHbrx Meponpr{sruit, na Koropbrx
AraccepraurroHHafl pa6ora npouna anpo6aquro.

B nepnofi rJraBe npeAcraBneH o6eop nr{Teparypbr, B KoropoM ocBeruarorcs cnofic:rna
oneparopoB poxAeHl4s H yHLIrIToxeHr4s Soroua, MeroAbr u3MepeHus u BoccraHoBneHus
oIITIlqecKI4x KBaHToBbIx cocrosHlafi, lreto.4rt nplroroBneHr4g KBa3r4TeIrJroBbIx cocrosnufi cBera



c orilIe[neHl4eM QoroHoB, npuHUI4nbI nraHefiHo-orrrr4qecKr,rx KBaHToBbrx Bbrr{racneHr,rft [r MeroAbI

xapal(Tepll3aul{u nLIHefi HO-OrrTr4r{eCKr{x r.rHTefpanbHr,rx cxeM.

Bo nropofi rJraBe npeAcraBneHa rlpolleAypa [praroroBJreHr4.r{ KBa3r4TelJroBbrx cocroruufi cnera,
cBfl3aHHa, c npoxoxAeHl,IeM na3epHoro r,r3nyqeHus qepe3 BparqarcUufics N,rarosltft Aucx.
Kparxo orracana Sra:uuecxas [poueAypa orrrleflneHufl, 3ara*Horo r{prcJra $oronon, no4po6uo
onl4caH Soprrlalnsu rpol43BoAf,Iqrax (fynxqufi ytrr_ pacqera pacnpeAeneHr,r, rro qucny $oroHon y
cocroqHl4f,, IloryqaeMolo orrrlenJreHr4eM k Qoronon or KBa3I,ITeIrJroBOtO COCTOTHH-g. BSeAeuH U

KOJII4TIeCTBeHHO npOaHiInH3I{pOBaHbI pa3nI,IqHLIe [apaMeTpEI HelaycCOBocTI4 y nonyqeHHoto
cocrorHHq 3neKTpoMalHI{THOTO froJrq, a raKxe ArrHaMr4Ka 3Tr,rX flapaMerpoB BcJIeAcrBr,Ie

HaJru]eil4fl, lprnefinrrx norepb. 3xcnepuueHTaJrr,Ho r.rccJreAoBaH e$Serr orcyrcrBr4s
or6pacslnauvs renpt rrplr rlacrvrrHoM orrrlelneHuu $orouon us oguofi Molbt r43nyqeHr.rs u
ycnoBHoM cKaHupoBanr.ru lpo$uJrq r4HTeHcr4BHocrr{ H3nyqeHus.

B rperrefi rJraBe coIlcKareJleM rrpeAcraBneHo reoperr,rqecKoe orprcaHrae crarucrr{Ku $oroHon
noAcl4creMbl MHoroMoAoBbIx rellnoBblx cocrosHuft c orrqernenueu $oroHoB, [oryrreHHoe B

(fopualusue rpol'I3Borstqrx $ynxqufi. Coucrarereu nogpo6Ho npoaHanr43upoBaHa cBfl3r,
MexAy pa3JrI'IqHbIMh pacnpeAeJleHl{qMr{, B qacrHocrr4, rroKa3aHo, qro pacnpeAeneHrEe Eose-
3fiurureftna sBrflercs npeAenbHEIM cnyqaeM 6olee o6uero pacnpeAenenus flofia. Taxx<e n
erofi rnaee [peAcraBneHbl pe3ynbrarbr gKcrrepr4MeHToB rro crarr{crr4qecKoMy BoccraHoBJreHr.rro

rlapaMerpoB cocro.f,Hl4q Ha ocuoBe crarrrcrr,rxu Soroorc.reron r4 KBaAparypHr,rx u:uepenufi.

B uerneprofi r;rane [peAcraBneHa reopu{ rr gKcrrepr4MeHT rro xapaKrepr,r3aL\ptkr napaMerpoB
lunefiHo-orrl4rlecKLtx I,IHTerpanbHbIx cxeM rrocpeAcrBoM KoppenrquoHHbrx ra:uepeuufi
TeIUIoBbIx nolefi c yqeroM norepb B cxeMe, a raKx(e npoBeAeHo cpaBHeHr4e pe3ynbraroB c
rlapaMerpaMl{, BoccraHoBJIeHHbIMrz c r4crroJrbsoBaHr.reM KorepeHTHbrx cocro.sHui.t cseta.

B :arlroqeuun c(foprr,rynl4poBaHbl ocHoBHbre pe3ynbrarbr n BbrBoAbr Ar4ccepraqr4r.r.

K nau6olee BalxHbIM Ir 3HaqIrMbIM pe3yJr[,TaraM, orrpeAenflrorq[Mlr HayqHyro HoBr,r3Hy H
op[Ill4HanbHocrb Al4ccepralluossoft pa6oru f. B. AnocorrrHUa, sa uofi B3rrr;{A, MoxHo orHecrr4
cneAyrourre:

1. Pa:pa6orKa MareMarr4.recxofi MoAeJrr,r KoMrrayHA-pacnpeAeneuaa IlyaccoHa H $opuanuatra
Ilpou3BoAqull4x $yuxqufi, Koropble naKoHI,IrrHo otrucbrBalor ceNleficreo KBa3r.rreIIJroBbIx

cocrognuft c piBnI,ItrHbIM KoJII,IqecrBoM orrqelJreHHbrx $orouoe; a rax)r(e gKc[epl{MeHTeLrrbHag

pe8-Jtu3alJl/l HerayccoBcKl4x KBa3ure[JroBbrx cocrosHrafi c orrrle[neHr{eM Ao l0 $orouoa
BKJIIOqPITEJIbHO.

2. 3rcuepuueHTaJIbHoe I43MepeHI4e crarr.rcrr{Kt4 Sorouon rroAcr.rcreMbr MHoroMoAoBoro
TeIrJIoBoto cocroflHl4s c orrueuleHaeM 3aAaHHoro KoJrr,rqecrBa Sorouon, Koropoe xopouo
orrl4cblBaerc.f, IrpegloNenuofi coprcKareJreM MoAenbro Ha ocuoBe cBeprxr{ KoMnayHA-
pacnpeAenenua llyaccoHa r.r pacrpeAenenux floila.



3. Parpa6oma MeroAa Boccra"[roBJleHrafl uepe4arovuofi Marpr,rrlbr maneftuo-o[Tr.rtrecKoro

MH0r0(aI{aJItH0l0 l{HTep0epoMerpa rlocpe,UcrBoM r(oppenqquoHubrx usrr,tepenufi rerJroBbrx
uolefi r4 [paKTr4qecKaq peanu ga\ufl IaHHoro MeroAa.

flparcrnuecKafl 3Haqr{Mocrr, gKcnepl4MeHTzurbHbrx, Teoperugecxrrx I4 rrlrcreHHbrx pe3ynbraroB,
flonyqeHHblx B xoAe I,IccJreAoBaHr4tr, o6ycrouena npI{MeHeHr4eM luneftuo-orrrr4rrecrr,rx
I,IHTetpiInbHbIx cxeM Anf, peanl{3arlprr{ KBaHToBbrx BblrrprcneHnfi Ia upumeHeHI,IeM HetayccoBcKl,Ix
KBaHToBbIx cocrosszfi Anq HeKoropbrx npororonoB [epelar{u xsaurosoft uu([roprraaqrau.

flpegloxeHHble reoperl,Iqecrlre u gKcnepraMeHTaJrbHbre MeroAbr nocrpe6onaHr,r u npr4 perxeHur4

Apyrplx KBaHToBo-orITI,IqecKI4x 3aAaq, Harrpr4Mep, B 3aAar{e pacceflHr,rs (forouon s rrauefiHo-
onruqecrofi zurerpalruofi cxeMe, pacr{ere xsaurorofi gHTporruu, oUeHr<e nponycKHbrx
cuoco6nocrefi xeaHronr,rx ruanufi cBr3rz.

IIo 4uccepraquouuofi pa6ore HMerorc, cne,{yrculr4e 3aMer{aHu.f, :

1. Coucrarell BbIBoAt4r $opuyny (1.18) kr BbrreKarorqyrc v3 uee $oprr,ryny (1.25) rus
xeaHrosofi olepaul4l4 orruerrJleHur Sorouon B nepBoM nopflAKe MaJrocru tro napaMerpy r
(alannury4nrrfi xoeQ$[qpleHT orpaxeHr4fl). Ycnonrae MaJrocrr,r r BbrrroJrHflerc.,r B sKcnepHMeHTe
(r^2 = 3 - 10oA), oAHaKo Heo6xo4arrno yqurbrBarb, rrro nce (fopnaynbr BepHr,r Jrurrrb B groM

nepBoM nopsAKe uo r. B qacrHocrl4, KoHeqHocrb napaMerpa r Moxer BJrr,rflTb pr Ha pacxoxAeHr4e
MelI(Ay reopuefi I{ 3KcrIepIaMeHToM, Koropoe o6cyxgaercs B KoHrIe purAena 2.2 sa crp. 69-70,
oAHaKo coHcKareJlb o6r.scnqer pacxoxAeHr{e Jrl,rrrrb reMHoBbrMI,r rxyMaMr4 u Hecra6ulbHocrbro
MOIIIHOCTH H IIOJIfp]r3 arlrrr{ na3epH oto u3nyrreHr4.[.

2. B guccepralll4l{ HeoAHoKparHo yrBepxraercfl., rrro ofleparopbr poxreHufl, Lt yHr{qroxeHr{,
rforonon MoxHo peanl43oBarb (HanprMyro (no BeposrHocrHbrM crroco6orra)> (crp. 5, l4), uz
rlero MoxHo cAenarb BbIBoA, qro eIr,rHcrBeHHbIM rrpenflTcrBtreM K peiuv3a\hvr prAeaJrbHoro

oro6paxeuun (1.25) qBrtrIorcfl JILIITIr Her4AeaJrbHocrlr gKcrrepr{MeuTa. Ha cauou Aene ecrb r{
qllcro reoperllqecxoe flperrrrcrBue K peanr{3arllru oro6pax(eHus orrrlenreHlrl (foroua (1.25),
cBr3aHHoe c reM, qro yxa3aHnoe oro6paxenlre He trBJrflercfl HeyBeJr[rr[Baroqr.rM cJreA Hr{

rlpv KaKIrx HeHyneBblx 3HarreHl{.f,x nos$$uqueura C, r4 nogroMy oHo He ,BJlflercfl xeauroeofi
onepaquefi B crporoM cMblcne [S.N. Filippov. On quantum operations of photon subtraction and
photon addition. Lobachevskii Journal of Mathematics 40, 1470-1478 (2019)1. Kpoue roro,
ecJIH 6r,t B gKcnepI{MeHTe paccMarpl,rB€ulucb BblcoKo3Heprerr{rrecKue KBa3}rrerIJIoBbIe

cocrosHHr, ro outu6Ka raKoro ylpoueHHoro paccMorpeHus 6ula 6r,r yx(e cyqecrseHuofi.

3. B ouucawwvt rr4crrepcl4l4 KBarparypHofi KoMrroHeHTrr BaKyyMHoro cocrorHr4fl, Ha crp. 20-21
coucKareJlb ytILITr,IBaer rapo (1.40), oAHaKo He yqr.rrbrBaer nepepacrslr(Ky xna4parypuofi
KoMIIoHeHTr,I, (oropas BepHo orrncaHa cJroBecHo B KoHue crp. 67.3ro npunoAr4T K orun6xe ua
ctp. 2l n $oplayle (1.a1) Anr H3MepeHHoro cperHeKBarparur{Horo orKJroHeHprn. Ouru6ry
Mo)KHo yBLIAerb u rtpv crpeMneHllz KBaHroBofi sS$exraBHocrra K HyJrro, Sopuyla (1.41) B 3roM
cnyqae [plIBoAI,IT K paoxoAslrleMycfl 3HarreHr4ro, xoTjl AoJrx(Ha AaBarb Ar4crrepcrrrc BaKyyMHoto
cocroflr{ra, (Ha srou ocHoBaHa ralu6ponra B SKcnepr{MeHTax MHorvx HayrrHbrx rpynn).



4. B onucaHl{I{ ileperaroqHofi Marprdrl},r ruruefino-ouru'recKoft r.rHTetpaJrrHofi cxeuu ua crp. 34

u Sopuyle (1.56) yra3uBaercl cBq3L Mexry oneparopaMr4 yHurrroxeurar $oroHos. Ha crp. 103

yql{TblBaercf, BJII4THLIe Ilorepb, B pe3yJrbrare rrero rcosS$r.rqueHrsr 3aryxaHr4fl BXoAflT B

repeAaroqHylo Marplluy ro (popuyne (4.9). O4naxo raKafl. uo4rarpuxaqur Hapyuaer
KaHoHI'IqecKI4e KoMMyTaII[oHHbIe CooTHOIIIeHId.fl. [ns. OlepaTOpOB pO)I(AeHHfl LI yHI4rITOXeHI4f,

Sorouon, ecJILI rloJlb3oBarbcfl (foprrayrofi (1.56).3aneqauue cBoAr,rrc, K roMy, uro $opuyny
(4.9) Mo)KHo r'IcIIoJIb3oBarb Anfl aMnnr4TyA KJraccr4qecrux uoreft, oAHaKo ee HeJrb3,
plcrloJlb3oBarb Arq oileparopoB yHur{To)KeHus. Peureuue npo6reurr 3arJrroqaerc.rr Bo BKrror{eHr4g

B paccMorpeHl4e BcrIoMorareJIbHLIX MoA oKpyxeHl{{, taKofi rroAxoA xopotuo r43BecreH B TeoppII4

rayccoBcKllx 6osoHHltx KBaHToBLIx KaHaJIoB.

5. B pa3Aene 4.4 MHe He yAanocb uafiru BoccraHoBJreHHbrx napaMerpoB 3aryxaHr4s,
IrcronmyeMbrx B $opuyne (4.9).

6. B Sopuyle (1.63) ArIs orlacaHux e(p(pexra Keppa ilponyueHa MHr4Ma, e1krtur\aB roKa3arene
3KCtIOHEHTbI.

7. B $oprvryne (2.7) Anfl co6crneHnrrx (byrnrlrfi rapMoHurrecKoro ocqlrnnrropa yxa3aH

apryMeHT x BMecTo apryMeHra q.

8. B 4IaccepraIII{I4 I,IMeIorc{ MeJrKrae HeAoqerbl, cBr3aHHbIe roqHocrbro BbrpaxaeMbrx Irarrcrefi,
HanpLIMep, HeKoropble yrBepxAeHl4, BepHbr c roqHocrr,ro go xosS$uqueura [uocne Soprr.lyml
(1.22)1, cMeIrIaHHbIe o6osHaqeuur. fprrx 6uuour.rzursurrx r<oeSSuqrreHroB r $opuyre (1.53) u
(2.32)1, ucIIoJIb3oBaHI4e 3arJIaBHbIx 6yrn T v R Lnfl aMnnr.rryAHbrx xos$$uqueHroB
lponycKaHl4s 14 orpaxeHl4fl cBeroAenr.rren, Ha crp. 33, ouru6xa s o6osHa.{esuu U' sr\4ecro M'
Ha crp. 36, orcyrcrBl4e HoMepa pirAena B ccbrrrKe rrepeA (fopuynofi (1.65), qepeAyroqaecfl

o6osua.reuuq K u k nepeg Soprr,rylofi (2.4), cormcoBaHr.re ua4exefi.

Yrasaugrte 3aMer{aHl4-tr v HeAocrarKr,I o6osua.Iam o6lacm nplrMeHr{Moc.r'r4 rronyrleHHblx
col4cKareneM pe3ynbraToB I,I HeAorrerbr npII [poBeAeHr,rv aHanv3a r.r Lt3JIoxeHW HA rIrICbMe, Ho
He BrHqIor Ha ocHoBHbIe noJloxeHvts, BbrHocr,IMbre Ha 3aruI,rry. flocronepHocrb [onyrreHHbrx
pe3ynbraroB I4 HayrIHbIx tloJloxeuufi, nuuocr,rMbrx Ha 3arrlr,rry, o6ecnevuBaerc, npHMeHeHr,reM

craHAaprHblx MeroAoB MareMar[IqecKoro aHaJwBa, MareMarl{rreclcofi craracruKl4, TuareJlbHo
clJIaHI{poBaHHbIMI4 H peirJrU3OBaHHbrMrr 3KCnep}rMeHTaMpr MI4poBOrO ypOBHr, CpaBHeHr4eM

lpeAcKa3aHI,Iq reopl4l4 c 3KclepvMeHToM. Pesylsraru Ar,rccepraur.ru ony6mlxonauu B

nucoxopefiTplHroBblx MexAyHapoAHErx Hay.rHbrx xypHanax (Physical Review A, Optics Letters,
Optica, Laser Physics Letters), a raK)Ke rrpeAcraBneHbr Ha poccuficxrEx r.r MexAyHapoAHbrx
r<on$epenqhrx kr HayqHblx Mepo[pl{flTuqx. B UeJroM, npeAcraBneHHa,r{ K 3aulure Ar{cceprarlpg
BbIIIoJIHeHa Ha BbIcoKoM HayqHoM ypoBHe u xaparTepr,r3yerc, ueo6xo4ratrofi Hosr,rsHofi ra

rocroBepHocrblo nonyqeHublx pe3ynbraroB. flpogeuoHcrpr4poBaHHbre e pa6ore MeroAbr
rrpl{roroBneHl4f, HerayccoBcKI,Ix KBa3r4TerrJroBbrx KBaHToBbrx cocrosHl.rfi c orrrleflneH}reM

Soronon kt I{cIIoJIb3oBaHI,IrI KBa3r.rrelJroBbrx cocro.sur.rfi Anfl xapaKTepv3aur{u luuefiuo-
onrl4rrecKl4x rrHTetpuulbHblx cxeM r,rMelor 6onsruoe 3HarreHl{e [nfl pa3Br4Taf, oflrr4rrecK[rx
KBaHToBo-[n$oprr.laquoHHbrx rexuoloruft .
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